Test particle motion is analyzed for a matched intense charged-particle beam in a periodic focusing solenoidal magnetic field to assess the effects of beam intensity on inducing chaotic particle motion and halo formation.
INTRODUCTION
Halo formation and control in intense charged-particle beams has been the subject of recent vigorous theoretical, computational and experimental investigations [l] . It is of fundamental importance in the development of nextgeneration high-intensity accelerators for basic scientific research in high-energy and nuclear physics as well as for a wide variety of applications ranging from heavy ion fusion, accelerator production of tritium, accelerator transmutation of nuclear waste, spallation neutron sources, and high-power free-electron lasers. In these high-intensity accelerators, beam halos must be controlled in order to minimize beam losses and activation of the accelerator structure.
THEORETICAL MODEL
We consider a thin, continuous, intense charged-particle beam propagating in the t-direction with characteristic axial velocity flbC and kinematic energy 7bmc2 through the periodic focusing solenoidal magnetic field 1 2 BSoL(x) = B,(s)e, --Bi(s)(ze, +ye,).
(1)
Here, e, and e, are unit Cartesian vectors perpendicular to the beam propagation direction, s = z is the axial coor- 
where S is the axial period of the focusing field.
To determine the self-electric and self-magnetic fields consistently, we make the following assumptions: (a) the 
ANALYSIS
In this section, we analyze the particle motion in the Lar- To determine the betatron oscillation frequency, we em- Figure I shows the locations and full widths of the primary resonances of order n = 3 to 6 obtained for the choice of system parameters corresponding to U" = SOo Wb = 0 and P@ = 0. Here, a step-function lattice is used, and 7 is the filling factor. In Fig. 1 , the solid lines correspond to the analytical estimates given in Eq. Use is made of the Poincad surface-of-section method to examine extensively the phase-space structure described Figs. 2 and 3 that, for comparable choices of system parameters, the phase space structure for a nonrotating KV equilibrium distribution (wb = 0 ) exhibits more pronounced chaotic behavior that that for a rigid-rotor Vlasov equilibrium distribution (with W b = 0.9).
CONCLUSIONS
Test particle motion has been analyzed for matched intense charged-particle beam propagating through a periodic solenoidal magnetic field. The betatron oscillations of test particles in the average self fields and applied field were analyzed, and the nonlinear resonances induced by periodic modulations in the self fields and applied field were determined. It was found [4j that the phase-space structure changes significantly as the canonical angular momentum (Po), beam intensity (as measured by S K / E T or U/.,,), vacuum phase advance uu, or beam rotation (ut,) is varied.
For an intense beam with nonrotating KV equilibrium distribution (wb = 0). it was shown that the chaotic regions approach the phase-space boundary of the equilibrium distribution as the canonical angular momentum Po decreases in magnitude. For an intense beam with a rigid-rotor Vlasov equilibrium distribution (Wb # O), it was found that the presence of beam rotation reduces the degree of chaotic behavior in phase space. Finally, for U, < 80", the testparticle analysis showed that at very high beam intensities, the chaotic layers associated with the separatrices of nonlinear resonances are still divided by the remaining invariant (KAM) surfaces and do not overlap completely to form an extended chaotic region.
